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ABSTRACT
Context: HemoHIM is an herbal preparation containing Angelica gigas Nakai (Apiaceae), Cnidium officinale
Makino (Umbelliferae), and Paeonia lactiflora Pallas (Paeoniaceae) developed for immune regulation. To
date, studies on the antifatigue effects of HemoHIM have not been conducted.
Objective: The antifatigue effects of HemoHIM using models of citrinin and exercise-induced chronic
fatigue syndrome were investigated.
Materials and methods: Citrinin-induced L6 skeletal muscle cells were treated with HemoHIM (125, 250,
and 500lg/mL). The antioxidant factors were analysed. ICR mice were divided into four groups (n¼ 10):
control, HemoHIM 250, 500mg/kg, and creatine 300mg/kg, respectively. Mice were orally administered
HemoHIM or creatine for three weeks; during this time, both rotarod test and forced swimming test (FST)
were conducted. The latency time was investigated and antioxidant, antifatigue factors were analysed.
Results: HemoHIM significantly restored reduced antioxidant enzymes (SOD, CAT, Txn, GPx, GSr, and
GCLC in HemoHIM 500lg/mL) compared to the citrinin group in L6 cells. In vivo, HemoHIM significantly
improved the latency time (FST; 279.88±50.32 sec, rotarod test; 552.35±23.50 sec in HemoHIM 500mg/
kg). Moreover, the FST-induced reduction in glucose and glutathione significantly increased by 3-fold
(HemoHIM 500mg/kg) and increase in LDH and MDA were significantly inhibited by 1.6, 2.1-fold in the
HemoHIM 500mg/kg compared to the control group.

ARTICLE HISTORY
Received 20 September 2020
Revised 24 February 2021
Accepted 4 March 2021

KEYWORDS
Fatigue; forced swimming
test; rotarod test

Introduction

Fatigue refers to mental or physical exhaustion, manifested by a
decline in strength or sensitivity of cells, organs, and muscle
(Huang et al. 2011; Kim et al. 2019). Several factors have been
implicated in mental and physical forms of fatigue, among these
are sleep deprivation, stress, and forced exercise, respectively,
resulting in deterioration in performance (Chen et al. 2009).
Sustained mental fatigue can manifest physically, through dimin-
ished activity performance, reduced muscle endurance, impaired
attention, and poor concentration. Some theorized mechanisms
for this effect include exercise-induced fatigue, exhaustion theory,
and protective inhibition radical theory. In addition, intensive or
exhaustive exercise can lead to accumulation of excess reactive
free radicals resulting in tissue damage (Wang et al. 2008;
Xiuhong et al. 2015). The increased reactive oxygen species
(ROS) generated and the reduced level of antioxidant factors are
somehow related to symptoms of chronic fatigue syndrome
(CFS), indicating oxidative stress as one of the chief causes of
fatigue (Gupta et al. 2010; Wang et al. 2018). CFS is character-
ized by long-term fatigue for more than six months and other
persistent symptoms, such as anorexia, dizziness, nausea, chronic
infection, and impaired immune function (Lee et al. 2007; Kwak
et al. 2008). In addition, excessive lipid peroxidation by ROS
causes structural damage and cellular organ dysfunction, which
can damage the mitochondria of muscle cells and liver tissue.

Indeed, persistence of these reactions can lead to CFS (Bejma
et al. 2000).

Nuclear factor erythroid 2-related factor-2 (Nrf-2), hemeoxy-
genase-1 (HO-1), antioxidant response elements (AREs), etc. are
the major regulators of oxidative stress in fatigue. Nrf-2 is a
major molecule that regulates the cellular antioxidant response.
Nrf-2 is present in the cytoplasm and binds to kelch-like ECh-
associated protein 1 (Keap1) to regulate a redox-sensitive master
transcriptional factor under normal conditions (Ma 2013). Under
oxidative stress, however, Nrf-2 suppresses the oxidative response
by dissociating from Keap1 and binding to AREs such as
NAD(P)H quinone oxidoreductase-1 (NQO-1), HO-1, glutamate
cysteine ligase catalytic subunit (GCLC), and glutamate-cysteine
ligase modifier subunit (GCLM). Since HO-1 is an inducible
antioxidant phase II enzyme regulated by Nrf-2 (Vriend and
Reiter 2015; Zhang et al. 2015), Nrf-2/HO-1 can be an important
target for antioxidant activity.

Fatigue also represents a condition in which the force
required for muscle contraction activities is not sufficiently
exerted, resulting to reduced exercise performance (Mehta and
Agnew 2012). Therefore, exercise enhancing or antifatigue diet-
ary supplements, which have previously been consumed only by
athletes, are now being used by ordinary people. Many people
take dietary supplements, such as steroids, to improve exercise
performance and combat fatigue, however, these compounds
cause various side effects, including hallucinations, anxiety, and
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headache (Lee et al. 2001). Thus, several natural food products
are being established as an alternative and healthier option for
accelerating exercise performance, reducing and eliminating
fatigue and fatigue-causing factors. For instance, Hovenia dulcis
Thunb. (Rhamnaceae) can reduce stress hormones and oxidative
stress in the tissue, thereby enhancing physical activity (Na et al.
2013). Also, Moringa oleifera Lam. (Moringaceae) has antifatigue
properties and antioxidant capacities (Lamou et al. 2016).

HemoHIM is a mixture of polysaccharide fractions contained
from, the traditional Korean medicinal plants Angelica gigas
Nakai (Apiaceae), Cnidium officinale Makino (Umbelliferae), and
Paeonia lactiflora Pallas (Paeoniaceae), all observed to have
immunoregulatory effects (Kim et al. 2019). HemoHIM prepar-
ation follows a standardized specific ratio of polysaccharide frac-
tions mixed together. Similar components found in HemoHIM
including Angelica Radix, Cnidium Rhizoma, and Paeonia Radix
have also been used in oriental medicine as herbal prescriptions
(i.e., Samul-tang, Juzen-taiho-to, Bu-Zhong-Yi-Qi-Tang)
(Utsuyama et al. 2001; Kiyohara et al. 2004; Kang et al. 2005),
containing active compounds such as gallic acid, chlorogenic
acid, paeoniflorin, and nodakenin. HemoHIM has antitumor
effects (Park et al. 2009) and also protects against oxidative stress
(H2O2)-induced apoptosis (Shin et al. 2006) as well as immune
modulation (Park et al. 2006). Angelica Radix improves exercise
performance and has antifatigue properties in mice (Yeh et al.
2014). The Cnidium Rhizoma contained in Ssanghwatang has
been shown to increase muscle recruitment, thereby accelerating
balanced metabolism in the body (Lee 1999). Lastly, Peony-
Licorice mixture containing Paeonia Radix reduced post-exercise
blood glucose and lactate accumulation observed in basketball
players (Ha et al. 2012). Therefore, the present study was aimed
to investigate antifatigue properties of standardized extract
(HemoHIM) in both cells and an animal model for fatigue.

Materials and methods

Materials

Foetal bovine serum (FBS), penicillin-streptomycin, Dulbecco
modified eagle medium (DMEM), and phosphate-buffered saline
(PBS) were purchased from Gibco (Grand Island, NY, USA).
Creatine and citrinin were purchased from Sigma-Aldrich (St
Louis, MO, USA).

Preparation of HemoHIM

HemoHIM was prepared according to the method described in
detail in our previous report (Jo et al. 2005). The batch
(HHH010) of standardized HemoHIM contained chlorogenic
acid (25–60mg/100 g), paeoniflorin (200–400mg/100 g), and
nodakenin (50–150mg/100 g) and was manufactured by Kolmar
BNH Co., Ltd. (Sejong-si, Republic of Korea). Briefly, Angelica
Radix (root of Angelica gigas), Cnidii Rhizoma (rhizome of
Cnidium officinale), and Paeonia Radix (root of Paeonia lacti-
flora) were extracted for 4–6 h in boiling water to obtain a total
extract. Some of the extract was precipitated with 95% ethanol to
obtain an ethanol-insoluble polysaccharide fraction. Finally, the
HemoHIM with the polysaccharide fraction added was concen-
trated using a rotary evaporator-concentrator (N-1110, Eyela,
Tokyo Rikakikai) to a solid content of 30 ± 3%, freeze-dried
(MCFD8512, Ilshin Lab Co., Ltd., Seoul, Republic of Korea), and
stored at 4 �C until use.

HPLC analysis

HPLC analysis was described in detail in our previous report
(Kwon et al. 2019). The analyses were performed using an HPLC
system (Prominence HPLC system, Shimadzu, Kyoto, Japan)
with Capcell Pak C18 column (4.6� 250mm, 5lm, Shiseido,
Tokyo, Japan). The column was kept at 30 �C. The mobile phase
consisted a binary solvent system using 0.1% phosphoric acid in
water (Solvent A) and 0.1% phosphoric acid in acetonitrile
(Solvent B). The flow rate was set at 1.0mL/min. The auto-sam-
pler was conditioned at 4 �C and the injection volume was 10 lL.
Detection and were performed at 230 nm. The reference stand-
ards of chlorogenic acid, paeoniflorin, and nodakenin were dis-
solved in 80% methanol, and then diluted to appropriate
concentration ranges for the establishment of calibration curves.
HemoHIM was dissolved in 50 volumes (w/v) of 80% methanol
and then filtered through a 0.45 lm PVDF filter membrane
(Chromdisc, Daegu, Korea). The filtrate was injected into the
HPLC system.

Cell culture and treatments

L6 skeletal muscle cells were obtained from American type cul-
ture collection (ATCC, Manassas, VA, USA). The L6 cells were
cultured in DMEM supplemented with 10% FBS, 100U/mL peni-
cillin, and 100lg/mL streptomycin at 37 �C in 5% carbon diox-
ide (CO2). The L6 cells (4� 105 cells/mL) were seeded in a 12-
well plate in media and then treated with HemoHIM at an
increasing dose of 125, 250, or 500 lg/mL for 2 h. Then they
were seeded on a plate treated with 100 lM citrinin and incu-
bated for 24 h.

RNA isolation and reverse transcriptase polymerase chain
reaction in vitro

Total RNA was extracted from the L6 cells using an RNeasy
Mini Kit (Qiagen, Hilden, Germany) and quantified by a
NanoDrop 2000 UV-Vis spectrophotometer (Thermo Fisher
Scientific Inc., Waltham, MA, USA). The cDNA was synthesized
from extracted total RNA with High-Capacity cDNA Reverse
Transcription Kits (Applied Biosystems, Carlsbad, CA, USA).
The cDNA of the genes of interest was amplified with
AccuPower PCR Premix (Bioneer, Daejeon, Republic of Korea).
The primers involved in the reverse transcriptase polymerase
chain reaction are shown in Table 1. The amplified cDNA was
electrophoresed on 1.8% agarose gel and stained with ethidium
bromide (EtBr). The expression level of target mRNA was meas-
ured using beta-actin as a control and analysed using Image J
(NIH, Framingham, MA, USA).

Animals and experimental protocol

Six-week-old male ICR mice weighing 18–22 g (DooYeol Biotech,
Seoul, Republic of Korea) were used in the study (4 groups of
ten). The animals were housed in a temperature and humidity-
controlled room at 23 ± 3 �C and 50 ± 20% relative humidity with
a 12 h light-dark cycle. After one week of acclimation to the ani-
mal room, mice were randomly divided into four groups: 1) con-
trol group, 2) HemoHIM 250mg/kg, 3) HemoHIM 500mg/kg,
and 4) creatine 300mg/kg groups. The control group was given
0.5% carboxymethyl cellulose (CMC) only, and others received
specific doses of samples for three consecutive weeks. The animal
experiment was approved by the institutional animal care and
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use committee (IACUC) of the Korea Kolmar Animal Ethics
Committee (18-KBH-F-01).

Motor behaviour analysis with a rotarod test

During the acclimation period, the mice were pre-trained in a
rotating rod machine (ROTA-ROD, BS Technolab INC, Seoul,
Republic of Korea) with a speed from 4 to 40 rpm twice a week
prior to the test. The test consisted of maintaining the mice on
the rod for 10min at a speed of 40 rpm. And the mice were
tested once a week for 3weeks after 30min of administration.
The average time (fall latency) for the three trials
was determined.

Motor behaviour analysis with a forced swimming test

The mice were pre-trained on a forced swimming test (FST)
twice a week before test. The mice were dropped into a cylin-
drical swimming pool filled with water at 25 ± 1 �C. To increase
the exercise load, forced swimming was carried out with addition
of 5% of the body weight of the mice. Swimming time was meas-
ured at the time of exhaustion when the nose of the mouse was
sinking below the water’s surface and maintained there for at
least 5 sec. The FST was administered once a week after the
rotarod test. On the day of the final swimming trial, blood, liver,
and gastrocnemius muscle tissues were collected for analysis.

Biochemical analysis

Blood samples were collected, and serum was prepared by centri-
fugation at 1,300 rpm for 15min. Serum lactate dehydrogenase
(LDH), alanine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), creatine kinase (CK), L-lactate (LA), and glucose were
determined using an LDH assay kit (ab102526), an ALT assay kit
(ab105134), an AST activity assay kit (ab105135), a CK activity
colorimetric assay kit (ab155901), an L-lactate assay kit (ab65331,
Abcam, Cambridge, UK), and a Glucose colorimetric/fluoromet-
ric assay kit (K606-100, BioVision, CA, USA), respectively,
according to the manufacturer’s instructions.

Muscle and hepatic assays

Liver tissue (50mg) and muscle tissue (10mg) were added to a
tube containing 200 lL of cold phosphate buffered saline and
homogenized using a homogenizer. The resulting tissue was cen-
trifuged at 13,000 rpm and 4 �C. The levels of malondialdehyde
(MDA), glutathione peroxidase (GPx), glycogen, and LDH in the
liver were determined using a Lipid peroxidation (MDA) assay
kit (ab118970), a Glutathione peroxidase assay kit (ab102530), a
Glycogen assay kit (ab65620), and an LDH assay kit (ab102526,
Abcam, Cambridge, UK), respectively, according to the manufac-
turer’s instructions.

RNA isolation and reverse transcriptase polymerase chain
reaction in vivo

Total RNA was extracted from liver and muscle with an RNeasy
Mini Kit (Qiagen, Hilden, Germany) and quantified by a
NanoDrop 2000 UV-Vis spectrophotometer (Thermo Fisher
Scientific Inc., Waltham, MA, USA). The cDNA was synthesized
from extracted total RNA using High-capacity cDNA Reverse
Transcription Kits (Applied Biosystems, Carlsbad, CA, USA).
The cDNA of the genes of interest was amplified using
AccuPower PCR Premix (Bioneer, Daejeon, Republic of Korea).
Table 1 shows the primers used for reverse transcriptase-PCR.
The amplified cDNA was electrophoresed on 1.8% agarose gel
and stained with EtBr. The expression level of target mRNA was
measured using b-actin as a control and analysed with Image J
(NIH, Framingham, MA, USA).

Statistical analysis

The results are presented as mean ± standard error of the mean
(SEM). One-way analysis of variance (ANOVA) followed by
Duncan’s multiple range test was employed for comparing three
or more groups. GraphPad Prism5.0 (GraphPad Prism Software
Inc., San Diego, CA, USA) was used for statistical analysis. p
Value �0.05 was considered significant.

Results

Identification and quantification of chlorogenic acid,
paeoniflorin, and nodakenin using HPLC

The chromatogram identified peaks 1, 2, and 3 in 230 nm
(Figure 1). Peak 1 is chlorogenic acid quantified 31mg/100 g,
peak 2 is paeoniflorin quantified 298mg/100 g and peak 3 is
nodakenin quantified 107mg/100 g comparison with standards.
Thus, this batch of HemoHIM was found to contain the com-
pounds within the range of the production management stand-
ards of chlorogenic acid (25–60mg/100 g), paeoniflorin
(200–400mg/100 g), and nodakenin (50–150mg/100 g).

HemoHIM regulated the antioxidant factors in citrinin-
induced L6 skeletal muscle cells

Treatment with citrinin significantly decreased the expression of
antioxidant enzymes of superoxide dismutase (SOD), catalase
(CAT), thioredoxin (Txn), glutathione peroxidase (GPx), gluta-
thione reductase (GSr), and glutamate cysteine ligase catalytic
subunit (GCLC) (Figure 2(A)). Pre-treatment with HemoHIM
significantly increased expression of enzymes (SOD; 106%,
p< 0.001, HemoHIM 500lg/mL, CAT; 102% p< 0.05,

Table 1. Primer sequences used for reverse transcriptase polymerase chain reac-
tion (RT-PCR).

Gene Direction Sequence (50 to 30)
Nrf-2 Forward TTCCTCTGCTGCCATTAGTCAGTC

Reverse GCTCTTCCATTTCCGAGTCACTG
HO-1 Forward CTGGAAGAGGAGATAGAGCGAA

Reverse TCTTAGCCTCTTCTGTCACCCT
Keap1 Forward TGCCCCTGTGGTCAAAGTG

Reverse AGTCCTTGGAGTCTAGCCGAG
NOQ1 Forward GGCAGAAGAGCACTGATCGTA

Reverse TGATGGGATTGAAGTTCATGGC
SOD Forward AATGTGTCCATTGAAGATCGTGTGA

Reverse GCTTCCAGCATTTCCAGTCTTTGTA
CAT Forward TGTCCCCCACCATTGAACT

Reverse TCTGCAGATACCTGTGAACTG
Txn Forward TTCCCTCTGTGACAAGTATTCCAA

Reverse GGTCGGCATGCATTTGACT
GPx Forward CAGTTCGGACATCAGGAGAAT

Reverse AGAGCGGGTGAGCCTTCT
GSr Forward GGGCAAAGAAGATTCCAGGTT

Reverse GGACGGCTTCATCTTCAGTGA
GCLC Forward GTCCTCAGGTGACATTCCAAGC

Reverse TGTTCTTCAGGGGCTCCAGTC
b-actin Forward GCCATGTACGTAGCCATCCA

Reverse GAACCGCTCATTGCCGATAG
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HemoHIM 125lg/mL, Txn; 113%, GPx; 116%, GSr; 117%, Gclc;
176%, p< 0.001, HemoHIM 500 lg/mL) compared to the control
group. In addition, the expression of Nrf-2, HO-1, and NQO-1,
which are important factors for regulating oxidative stress, was
decreased by citrinin treatment, followed by an increase in
Keap1 expression compared to the control group. However,
HemoHIM dramatically increased levels of Nrf-2, HO-1, and
NQO-1 (Nrf-2; 129%, HO-1; 114%, p< 0.001, HemoHIM
500lg/mL, NQO-1; 117%, p< 0.01, HemoHIM 250lg/mL).
Additionally, Keap1 by 71% was significantly decreased in
HemoHIM 500 lg/mL (p< 0.001) compared to the citrinin
group (Figure 2(B)).

HemoHIM enhanced latency time in rotarod test, and
swimming time in mice

As shown in Table 2, the body weight of the HemoHIM group
was not significantly different from that of the control group
over the 3week period. The rate of food intake in HemoHIM
group also failed to show significant difference (data not shown).
These results suggest that HemoHIM had no effect on appetite
suppression or promotion. To measure the effect of exercise per-
formance on fatigue, latency time on the rotarod test was
recorded. Latency time was significantly increased in the
HemoHIM 500mg/kg (552.35 ± 23.50 sec, p< 0.01) and creatine
(570.53 ± 26.88 sec, p< 0.01) groups compared to the control
group (latency time; 240.45 ± 88.50 sec) (Figure 3(A)). To meas-
ure swimming endurance, swimming time was recorded at
exhaustion and was investigated to determine the effect of
HemoHIM on fatigue. Endurance swimming times increased in
the HemoHIM and creatine groups (HemoHIM 250mg/kg;
278.03 ± 50.66 sec, HemoHIM 500mg/kg; 279.88 ± 50.32 sec, cre-
atine; 278.18 ± 30.80 sec, p< 0.05) compared to control group
(91.25 ± 8.81 sec) (Figure 3(B)).

HemoHIM increased serum glucose and decreased serum
LDH after exercise performance

The serum glucose levels in the HemoHIM 250 and 500mg/kg,
and the creatine groups were 11.15 ± 0.95, 11.61 ± 0.69, and
10.51 ± 1.10mM, respectively (Figure 4(A)). The glucose levels
were significantly higher by 3-fold in the HemoHIM 250 and
500mg/kg (p< 0.001) and creatine groups (by 2.8-fold,
p< 0.001) compared to the control group. The LDH activity in

the HemoHIM groups and the creatine groups were significantly
lower compared to the control group (by 1.7-fold, HemoHIM
500mg/kg and creatine, p< 0.01) (Figure 4(B)). Levels of LA,
CK, AST, and ALT in serum tended to decrease in the
HemoHIM groups but not significantly (Table 3).

HemoHIM decreased MDA and increased GPx in the liver
after exercise performance

To determine the antioxidant activity of HemoHIM, we meas-
ured liver MDA and GPx. The MDA level was significantly
decreased by 1.8-fold in HemoHIM 500mg/kg (p< 0.01) com-
pared to the control group (Figure 5(A)). The activity level of
GPx was 222.10 ± 29.85mU/mL in the HemoHIM 500mg/kg
(p< 0.05), which was significantly higher than that of the control
group (59.77 ± 2.04mU/mL) (Figure 5(B)).

HemoHIM increased glycogen and decreased LDH activity in
muscle after exercise

The glycogen content in muscle tissues (Figure 6(A)) was
observed to be significantly higher in the HemoHIM 500mg/kg
and creatine groups (by 2.86-, p< 0.001 and 2.69-fold, p< 0.01)
compared to the control group. Thus, HemoHIM slightly
increased the amount of muscle glycogen storage. The LDH
activity in the control, HemoHIM 250 and 500mg/kg groups
were 30.87 ± 2.15, 17.84 ± 1.95, and 17.78 ± 0.92 9mU/mL in
muscle, respectively. The LDH activity was significantly
decreased by 57% with HemoHIM treatment at 500mg/kg
(p< 0.01) compared to the control group. These results are simi-
lar to the results of LDH activity in serum (Figure 6(B)).

HemoHIM upregulated antioxidant factors (nrf-2, HO-1) in
liver and muscle tissues after exercise

To investigate the effect of HemoHIM on antioxidant activity,
the expression of Nrf-2 and HO-1 was evaluated in the liver and
muscle tissues in mice. The expression level of Nrf-2 in the
HemoHIM groups was significantly higher by 324% (p< 0.001)
in liver and 371% (p< 0.01) in muscle compared to that of the
control group for both liver and muscle (Figure 7(A,B)).
Additionally, expression of HO-1 of HemoHIM 500mg/kg was

Figure 1. Chromatogram of HemoHIM using HPLC alaysis. Peak number indicated: 1: chlorogenic acid, 2: paeoniflorin, 3: nodakenin.
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significantly increased by 356% (p< 0.001), 413% (p< 0.05) com-
pared to the control group for both liver and muscle.

Discussion

Fatigue refers not only to lack of energy, but also indicates leth-
argy in performing daily activities (Na et al. 2013). Fatigue is
caused by activities such as stress, overwork, and exercise and is
associated with immunological disturbances, depression,
impaired energy and mood. Many studies have indicated that
fatigue after exercise can be caused by several biochemical mech-
anisms, such as an increase in free radicals and depletion of

energy sources (Yu et al. 2006; Xu and Wang 2012). Various
drugs have been used to combat the oxidative stress of fatigue
but with limited success. The drugs, carvedilol and melatonin
have strong antioxidant properties and potent free-radical scav-
enging properties, but they also carry side effects, such as diar-
rhoea and dizziness (Singh et al. 2002). Zhuang et al. (2014) and
Bo (2015) have addressed this problem by investigating medi-
cinal plants, such as ginseng and blueberry.

Angelica Radix, Cnidii Rhizoma, and Paeonia Radix have
antioxidant activity. Angelica Radix improves exercise perform-
ance and, reduces physical fatigue while Dangguibohyultang con-
taining Angelica Radix enhances muscle recovery after high-
intensity exercise (Lee and Kim 1996; Yeh et al. 2014). Cnidii
Rhizoma and Paeonia Radix are also scavengers of 2, 2-diphenyl-
1-picrylhydrazyl (DPPH) radicals (Bang et al. 1999; Kim and
Kim 2008). The herbal preparation HemoHIM comprised of hot
water extract with a polysaccharide fraction of the herbs Angelica
gigas, Cnidium officinale, and Paeonia lactiflora, is a healthy
functional food that, has been approved (2006-17) by the Korea
Ministry of Food and Drug Safety (MFDS) to improve immune
function. Various effects of immune enhancement offered by
HemoHIM, such as immune cell activation, immune

Table 2. Effect of HemoHIM on body weight after exercise performance.

Groups

Days

0 7 14 21

Control 32.37 ± 0.88 34.02 ± 2.01 36.06 ± 2.46 37.70 ± 2.11
HemoHIM 250mg kg�1 32.49 ± 0.88 33.65 ± 1.33 35.46 ± 1.07 36.88 ± 0.93
HemoHIM 500mg kg�1 32.36 ± 1.30 33.69 ± 2.25 35.60 ± 2.40 36.85 ± 2.13
Creatine 300mg kg�1 31.57 ± 1.26 33.85 ± 1.41 35.30 ± 1.40 36.43 ± 1.63

Figure 2. Effect of HemoHIM on levels of (A) SOD, CAT, GPx, GSr, Gclc and (B) Nrf-2, HO-1, NQO-1, Keap1 in citrinin-induced oxidative stress in L6 skeletal muscle cell.
Significant difference from control (#p< 0.05, ##p< 0.01, ###p< 0.001) and from citrinin group (�p< 0.05, ��p< 0.01, ���p< 0.001).

PHARMACEUTICAL BIOLOGY 393



haematopoietic recovery, tissue regeneration, and antioxidant
effects, have been reported (Jo et al. 2005; Park et al. 2009).
Interestingly, HemoHIM significantly reduced the cytotoxic effect
induced by H2O2 (Shin et al. 2006), and demonstrated higher
hydroxyl radical scavenging activity (Park et al. 2009; Jung et al.
2016). These findings indicate that HemoHIM should be effective
at improving fatigue caused by oxidative stress. Thus, in this
study, we induced fatigue using forced exercise. The rotarod test
and the FST have been widely used to evaluate exercise tolerance
in antifatigue experiments and have high reproducibility (Ni
et al. 2013; Xu and Shan 2014). The improvement in exercise tol-
erance was the most powerful evidence for presence of an antifa-
tigue effect. As expected, forced exercise led to physical

abnormalities in mice, as seen reduced latency and swimming
time in both the rotarod test and the FST. Accordingly, the
HemoHIM treatment significantly attenuated physical abnormal-
ities in mice though increasing latency time and swimming time.

Recent studies have demonstrated that oxidative stress indu-
ces fatigue and clinical symptoms of CFS (Singh et al. 2002; Lu
et al. 2013). Kennedy et al. (2005) reported that free radicals are
maintained at a high level in patients with CFS. Increased ROS
in fatigue causes lipid peroxidation of membrane structures,
which accelerate oxidation of proteins, lipids, and nucleic acids.
In addition, increased MDA is accompanied by a decreased GPx
and other antioxidant enzymes (Urso and Clarkson 2003). After
intake of HemoHIM, GPx level increased and MDA level

Figure 4. Effect of HemoHIM on (A) glucose concentration and (B) LDH activity in serum after exercise challenge. Data are expressed as mean± SEM. Comparison was
made between control and HemoHIM groups. Significant difference from control group (�p< 0.05, ��p< 0.01, ���p< 0.001).

Table 3. Effect of HemoHIM on lactate, creatine kinase, AST and ALT in serum after exercise challenge.

Group

Level in serum

Lactate (mM) Creatine kinase (U mL�1) AST (mU mL�1) ALT (mU mL�1)

Control 24.18 ± 0.92 3.40 ± 0.35 75.84 ± 15.36 4.08 ± 0.73
HemoHIM 250mg kg�1 20.93 ± 1.70 2.99 ± 0.18 74.29 ± 14.10 3.19 ± 0.45
HemoHIM 500mg kg�1 21.03 ± 1.75 2.79 ± 0.37 61.50 ± 6.35 2.89 ± 0.67
Creatine 300mg kg�1 19.20 ± 1.09 2.71 ± 0.10 64.51 ± 4.53 3.16 ± 0.75

Data are expressed as mean ± SEM.

Figrue 3. Effect of HemoHIM on (A) latency time on rotarod performance and (B) swimming time to exhaustion in FST. Data are expressed as mean± SEM.
Comparison was made between control and HemoHIM groups. Significant difference from control group (�p< 0.05, ��p< 0.01).
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decreased, indicating resistance to oxidative damage. Serum CK
and LDH levels are indicators of muscle damage.

In conditions of fatigue, CK and LDH are released into the
serum where they damage membranes (Huang et al. 2011; Chen
et al. 2014). However, HemoHIM showed no significant effects
on CK and LDH levels in serum. Keap1, the main intracellular
regulator of Nrf-2, is important for inhibiting Nrf-2 activity. The
Nrf-2-Keap1 pathway regulates cytosolic and mitochondrial ROS
production. Oxidative stress results in dissociation of Nrf-2 from
Keap1 and its translocation to the nucleus. In the nucleus, Nrf-2
binds to the regulatory sequences located in the promoter
regions of genes encoding antioxidant and phase II enzymes,
such as NQO-1, GCLC, GCLM, Txn, and HO-1 (Surh
et al. 2008).

Other studies have shown that Nrf-2 leads to down-regulated
expression of phase II enzymes that defend against oxidative
stress in knockout mice (Itoh et al. 1997). Moreover, Nrf-2 binds
to AREs and regulates the down-regulated expression of HO-1,
Txn, and NQO-1 under oxidative stress (Petri et al. 2012). The
HO-1 pathway regulates the modulation of inflammatory
response and the preservation of tissue integrity against oxidative

stress (Willis et al. 1996; Foresti et al. 1999). Besides HO-1 pro-
tects cells exposed to oxidizing agents by catalysing the oxidation
of haem to biologically active products, such as biliverdin, car-
bon monoxide, and ferrous iron (Scapagnini et al. 2004). The
final product of haem catabolism has antioxidant effects that
neutralize intracellular ROS (Katori et al. 2002). In addition,
enhanced HO-1 expression is related to increased protection
against oxidative stress through regulation by the Nrf-2/AREs
pathway (Motterlini and Foresti 2014). Therefore, activation of
Nrf-2/HO-1 signalling is important for the protection from oxi-
dative stress. The reverse transcriptase-PCR analyses of the liver
revealed that HemoHIM enhanced the expression of Nrf-2 and
HO-1.

Oxidative stress can also regulate expression of the Nrf-2 gene
in muscles, such as skeletal muscle (Uruno et al. 2016). In this
study, expression of Nrf-2 and HO-1 was significantly upregu-
lated in muscle by HemoHIM treatment. These results are con-
sistent with the results of Xu et al. (2018), where b-glucan
increased the Nrf-2 and HO-1 expression in liver and muscle. In
addition, HemoHIM also enhanced the expression of antioxidant
factors and enzymes such as Nrf-2, HO-1, NQO-1, SOD, CAT,

Figure 6. Effect of HemoHIM on (A) glycogen content and (B) LDH activity in muscle after exercise challenge. Data are expressed as mean± SEM. Comparison was
made between control and HemoHIM groups. Significant difference from control group (��p< 0.01, ���p< 0.001).

Figure 5. Effect of HemoHIM on (A) MDA content and (B) GPx activity in liver after exercise challenge. Data are expressed as mean± SEM. Comparison was made
between control and HemoHIM groups. Significant difference from control group (�p< 0.05, ��p< 0.01, ���p< 0.001).
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Txn, GPx, GSr, and Gclc and decreased Keap1 level in the pres-
ence of citrinin-induced oxidative stress in L6 skeletal
muscle cells.

Glycogen is a complex glucose polymer that acts as a storage
form for glucose in skeletal muscles and in the liver. Glycogen
and glucose are energy source accessed during exercise. A reduc-
tion in blood glucose leads to physical fatigue, while increased
glycogen level in the liver and muscle enhances endurance dur-
ing exhaustive exercise (Wang et al. 2008). Glycogen is used in
anaerobic exercise of muscle, but glycogen accumulation in liver
and muscle increases exercise efficiency because glycogen produ-
ces oxalo-acetic acid to aid in efficient oxidation of fatty acids
during aerobic exercise (Coyle et al. 1986). Because glycogen is
required to maintain adequate blood glucose level, it is an

important index of fatigue. In the HemoHIM groups, serum glu-
cose was significantly higher than that in the control group. In
addition, muscle glycogen content was significantly higher in the
HemoHIM groups than it was in the control group.

We investigated the potential enhancement of antifatigue and
antioxidant activity of HemoHIM by citrinin-induced L6 cells,
and forced exercises inducing fatigue (i.e., rotarod test, forced
swimming test). Antioxidant biomarkers related to fatigue and
energy sources were significantly regulated by HemoHIM. In
addition, HemoHIM is currently undergoing an assessment of
the antifatigue effects from a double-blind, placebo-controlled
clinical trial. The study is conducted at the Seoul National
University, Seoul, Republic of Korea (IRB No. 1912/003-003).
These findings suggest that the potential antifatigue effects of

Figure 7. Effects of HemoHIM on (A) Nrf-2 and, HO-1 in liver, and (B) Nrf-2 and, HO-1 mRNA expression levels in muscle using reverse transcriptase PCR after exercise
challenge. Data are expressed as mean± SEM. Comparison was made between control and HemoHIM groups. Significant difference from control group (�p< 0.05,��p< 0.01, ���p< 0.001).
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HemoHIM involve the modulation of oxidative stress induced
in fatigue.

Conclusions

Our results provide evidence that HemoHIM has potential anti-
fatigue properties via the Nrf-2/HO-1 pathway in cells and in
mice induced to complete forced exercise. HemoHIM may con-
tribute to improvements of fatigue in blood, muscle, and liver.
Further studies could focus on clarifying the detailed mecha-
nisms underlying the development of combined fatigue.
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